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Observational data of birth prevalence of early-onset single gene disorders

Table 1: Classical studies of the collective live birth prevalence of early-onset single gene disorders in
Northern European and North American populations

Period Dominant, )
I ! Genetic Total

covered (severe X- .
Data Source . Recessive type early
(years) early- linked
unknown | onset
onset)
N. Ireland (Stevenson 1959) 1948-58 2.41 0.4 2.13 4.94
British Columbia (Trimble and 5, 7, 0.47 026 073 002 | 147

Doughty 1974)
Review of multiple populations Up to

(Ash et al. 1977) 1977 7.00 0.4 25
Eg;g)Colombla (Baird et al. 1957-83 L 305 0532 Less » o

?Including late onset

Differences in reported rates are largely due to differences in the range of disorders included and
the facilities for accurate diagnosis available at the time.

The “genetic type unknown” category of Baird applies for probable single gene disorders with
uncertain mode of inheritance. In the MGDb a conservative approach is taken and these outcomes
are assumed to be the same as for X-linked disorders.



The effect of paternal age

Association between paternal age and mutation rate

Classical studies of “sentine

|II

disorders show an exponential paternal age effect.! Figure 1 and Table

2 show a general relationship between paternal age and mutation rate calculated in relative terms
(Modell and Kuliev 1990). The curve resembles that for age-related risk of chromosomal non-

disjunction in females, but the effect is of a lower order (see Table ).

Multiple of baseline rate

7

6

<30

30-34

35-39

40-44
Age-group of father

45-49

=== Multiple
of pat
age <30

e=O== \ultiple
of pat
age <35

Figure 1. Estimates of relative paternal-age-related mutation rate (Modell and Kuliev 1990).

Table 2. Increase in prevalence of sentinel disorders due to new mutation in relation to paternal age,
and comparison with maternal age relationship for Down syndrome.

Paternal New mutations Maternal Down syndrome
age Multiple | Multiple age Multiple | Multiple
of of of of
paternal | paternal maternal | maternal
age <30 | age<35 age <30 | age<35
<30 1.0 <30 1.0
30-34 1.5 1.0 30-34 1.8 1.0
35-39 2.5 1.7 35-39 5.7 3.1
40-44 4.0 2.7 40-44 19.6 10.8
45-49 6.5 43 45-49 41.9 23.0
50-54 50-54 16.5 9.0

Data source: (Modell and Kuliev 1990).

Paternal-age-related mutation rate in 32 countries in 2012

Figure 2 shows estimated mutation rate as a multiple of rates for fathers less than 30 or 30-34,
calculated by applying the rates in Table 2 to UNDY paternal age distribution by 5-year intervals.

! The fact that the relationship is exponential rather than linear suggests that an additional age-related factor
is involved, e.g. a change in the balance between DNA replication and repair.
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Figure 2. Estimated multiple of baseline paternal-age-related mutation rate in 32 countries in 2012,
based on observed % of fathers 30 or 35 plus.

Paternal-age-related mutation rates in countries with data over time

Using the 30 — 34 year group as a baseline, as more than 50% of fathers are aged 30 plus in most
countries, in 2012 the paternal-age-related mutation rate may vary by country from 1.2 to 1.7 times
this baseline rate. Applying these rates to time-series parental age data for countries with available
data shows the earliest estimates were 1.5-1.7 times baseline (Figure 3 and 4). They then fell to
around 1.1 times baseline in the 1970s, and have since rebounded to the original level. A similar
picture (not shown) was observed for the USA and Chile, and in East Asia.
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Figure 3. Estimated change in paternal-age-related mutation rate, countries of European region.
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Figure 4. Estimated change in paternal-age-related mutation rate, countries of Western Pacific
region.



Calculation of percentage of parents that are consanguineous

A population F can be interpreted in terms of equivalent first cousin unions. However, some

consanguineous unions are closer than first cousins and many are more distant. The total proportion
of unions consanguineous can be roughly estimated by assuming that two-thirds of consanguineous

unions are between first cousins and one third between more distant relatives. In MGDb the per
cent of unions consanguineous, and the per cent of newborns with consanguineous parents are

estimated from population F as follows.
e Population Fx 100 = population % F

e Population % F/0.0625 = equivalent % first cousin unions

e Equivalent % first cousin unions x 1.515 = total % of unions consanguineous, and total % of

newborns with consanguineous parents.

The principal sources for data on prevalence of consanguineous marriage are Bittles’ online database
(Bittles and Black 2015), estimates for Western European countries based on ethnic origin (Modell

and Darlison 2008; Modell et al. 2007), and data from Murdock’s Ethnographic Atlas (Murdock

1967). Further details can be found in Article 11 of ‘A General Method for Establishing the Global

Epidemiology of Congenital Disorders’ (Modell B et al. 2017).

Studies used in the calculation of birth prevalence of consanguinity-associated

disorders

Table 3. Summary of data on birth prevalence of total consanguinity-associated disorders, and birth
outcomes in terms of (a) affected births /1,000 and (b) affected /1,000 births per unit of parental

consanguinity (0.01F).

Consanguinity- Consanguinity-
associated associated L
. . Stillbirths
References Outcome Popul- increment /1,000 increment/1,000 per % of
measured Comparison | ation F births 0.01F
- - - - total
Total Still-  Live Total Still-  Live
birth  birth birth  birth
(Bittles and Pre- 44.0 7 370 | 70 112 592 16.0
Black 2010; reproductive | 1C versus 0.0625
Bittles and mortality (to | unrelated ' 35.0 7 28.0 | 5.6 1.12 4.8 20.0
Neel 1994) age 10)
E::Elgf:c?: Congenital Pakistani vs
disorders white 0.0431 | 476 5.7 419 | 7.6 0.9 6.70 11.8
(Bundey and toage5 British
Alam 1993)
Pakistani vs
Bornin Congenital white 223 35 18.8 | 7.7 1.2 6.51 15.6
Bradford disorders to British
(Sheridan et age 5 (in Pakistani 0.0283
al. 2013) progress) 1Cvs 36.6 5.9
unrelated




Calculating the effect of genetic counselling

Prospective risk identification
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Figure 5 - Maximum possible effect of prospective genetic counselling on affected birth prevalence

Retrospective risk identification
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Figure 6 - Maximum possible effect of retrospective genetic counselling on affected birth prevalence

Method used in MGDb

Step 1. Allocate each country a policy

It is assumed that all those with access to specialist care will all receive a diagnosis and will
automatically be informed of the recurrence risk as part of the service i.e. retrospective risk
information. Each country was allocated to a policy group, based on evidence of the current policy
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environment. Evidence of current policy on national carrier screening was based on a web-based
review of published information and personal communication with experts working in the country.
Evidence of current policy on TOP was based on data on the legal status of TOP collated by the
United Nations, unless documented official medical guidance, fatwas or other authoritative

documents were available (see (United Nations 2014) and (Blencowe et al. 2018) table 4 and
online resource for full details of methods used. Following four policy groupings were used:

1. Retrospective risk information, no prenatal diagnosis (PND)/TOP
2. Retrospective risk information, access to PND/TOP

3. Carrier screening, no access to PND/TOP
4

Carrier screening, access to PND/TOP

Step 2. Calculate the maximum potential effect of genetic counselling in each country
For each country, the maximum potential effect of genetic counselling was estimated based on the
current policy and the country’s Total Fertility Rate (TFR) (rounded to the nearest whole number),

assuming the average at risk couple in each country aims for 2 unaffected (Petrou et al. 2000;
Safari Moradabadi et al. 2015)

Table 4 - Maximum possible effect of genetic counselling on affected birth prevalence in relation to
population norm for final family size. (% of expectation if no risk information)

. . Retrospective risk information Prospective risk information
Population No risk
average final | informatio PND/TOP Stop after  Stop after PND/TOP Stop after  Stop after
family size n available ! 2 available ! 2
* unaffected unaffected unaffected unaffected
1 100 100 100 100 0 100 100
2 100 88 100 100 0 63 100
3 100 77 94 100 0 44 81
4 100 68 86 96 0 33 65
5 100 61 78 91 0 27 53
6 100 55 71 84 0 22 44
7 100 50 65 78 0 19 38
8 100 45 59 72 0 17 33

*The effect on affected birth prevalence if all couples stop after the first affected, or all couples use PND/TOP
in pregnancies undertaken after the first affected.

Step 3. Estimate the actual effect of the current policy
The maximum potential reduction in birth prevalence in each country was estimated by applying the
maximum potential effect to the sub-set of the population in each country estimated to have access

to specialist services (see (Blencowe et al. 2018) for full details of methods used to estimate access
to specialist services).
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